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HIGH SPEED GENERATOR WITH ROTOR COIL SUPPORT ASSEMBLIES 

SECURED TO INTERLAMINATION DISKS 



TECHNICAL FIELD 

[0001] The present invention relates to high speed generators and, more 
particularly, to high speed generators that are used with gas turbine engines such 
as those used in aircraft, tanks, ships, terrestrial vehicles, or other applications. 

BACKGROUND 

[0002] A generator system for a gas turbine engine, such as that found in 
aircraft, ships, and some terrestrial vehicles, may include three separate brushless 
generators, namely, a permanent magnet generator (PMG), an exciter, and a main 
generator. The PMG includes permanent magnets on its rotor. When the PMG 
rotates, AC currents are induced in stator windings of the PMG. These AC 
currents are typically fed to a regulator or a generator control device, which in 
turn outputs a DC current. This DC current next is provided to stator windings of 
the exciter. As the rotor of the exciter rotates, three phases of AC current are 
typically induced in the rotor windings. Rectifier circuits that rotate with the rotor 
of the exciter rectify this three-phase AC current, and the resulting DC currents 
are provided to the rotor windings of the main generator. Finally, as the rotor of 
the main generator rotates, three phases of AC current are typically induced in its 
stator, and this three-phase AC output can then be provided to a load such as, for 
example, an aircraft, ship, or vehicle electrical system. 
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[0003] Because some aircraft generators are high speed generators with 
potential rotational speeds up to and in excess of 24,000 rpm, potentially large 
centrifugal forces may be imposed upon the rotors in generators. Given these 
potentially stressful operating conditions, the rotors should be carefully designed 
and manufactured, so that the rotors are reliable and precisely balanced. Improper 
balancing not only can result in inefficiencies in the operation of a generator, but 
may also affect the reliability of the generator. 

[0004] Among the components of a rotor that provide increased reliability and 
proper balancing of the rotors are the wire coils wound on the rotor. The 
centrifugal forces experienced by a rotor may be strong enough to cause bending 
of the wires of these coils into what is known as the interpole region. Over time, 
such bending can result in mechanical breakdown of the wires and compromise of 
the coil insulation system. Additionally, because the coils are assemblies of 
individual wires that can move to some extent with respect to one another and 
with respect to the remaining portions of the rotors, the coils are a potential source 
of imbalance within the rotor and can potentially compromise the insulation 
system. Even asymmetrical movements of these coils on the order of only a few 
thousandths of an inch can, in some instances, be significant. 

[0005] In order to improve the strength and reliability of the wire coils and the 
coil insulation system, and to minimize the amount of imbalance in the rotors that 
may occur due to the wire coils, the rotors may include a coil retention system. 
With a coil retention system, substantially rigid wedges are inserted in between 
neighboring poles of the rotors to reduce the likelihood of coil wire bending or 
movement. In some embodiments, the wedges may also exert some force onto the 
coils to help maintain the physical arrangement of the coils. 

[0006] In addition to the rotor, various other mechanical components within 
the generator rotate at high speeds and thus may be supplied with lubricant. 
Moreover, some of the electrical components within the generator may generate 
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heat due to electrical losses, and may thus be supplied with a cooling medium. 
The lubricating and cooling media may be supplied from different systems, or 
from a single system that supplies a fluid, such as oil, that acts as both a 
lubricating and a cooling medium. The lubricating and cooling medium supplied 
to the generator may flow into and through the shaft on which the main generator 
rotor is mounted, and be supplied to the various mechanical and electrical 
components via flow orifices formed in the shaft. 

[0007] Although the wedges employed in conventional coil retention systems 
operate safely, the design of these conventional wedges also limits their 
effectiveness. For example, during rotor rotation some of these conventional 
wedges may experience some radial movement. This radial movement can chafe 
the insulation around the rotor windings, and/or cause rotor imbalance, and/or 
increase windage losses, and/or damage the lamination pole tips. 

[0008] Hence there is a need for a coil support system that can provide 
sufficient support for the rotor coils during generator operation and/or that can 
provide cooling for the coils, without causing rotor winding insulation chafing, 
and/or rotor imbalance, and/or increased windage losses, and/or lamination pole 
tip damage. The present invention addresses one or more of these needs. 



BRIEF SUMMARY 

[0009] The present invention provides a coil support system that is secured to 
interlamination disks in the rotor, thereby increasing the overall reliability of the 
generator by making it less likely to cause damage and/or imbalance in the rotor. 

[0010] In embodiment, and by way of example only, a high speed generator 
includes a stator, and a rotor. The rotor is rotationally mounted at least partially 
within the stator, and includes a shaft, at least a first and a second pole, and 
interlamination disk, and a coil support assembly. Each pole is formed of at least 
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a plurality of laminations, extends radially outwardly from the shaft, and is spaced 
apart from one another to form an interpole region therebetween. The 
interlamination disk is disposed between at least two of the laminations. The coil 
support assembly is positioned in the interpole region and is coupled to the 
interlamination disk. 

[0011] In another exemplary embodiment, a rotor for use in a high speed 
generator includes a shaft, at least a first and a second pole, an interlamination 
disk, and a coil support assembly. Each pole is formed of at least a plurality of 
laminations, extends radially outwardly from the shaft, and is spaced apart from 
one another to form an interpole region therebetween. The interlamination disk is 
disposed between at least two of the laminations. The coil support assembly is 
positioned in the interpole region and is coupled to the interlamination disk. 

[0012] In yet another exemplary embodiment, an interpole coil support 
assembly for placement in an interpole region that is formed between adjacent 
poles of a rotor assembly includes a lower support wedge, an upper support, one 
or more upper support retainers, and one or more fasteners. The lower support 
wedge has a longitudinally extending main body that has at least first and second 
opposed sides, and one or more openings extending through the main body 
between the first and second sides. The upper support has a longitudinally 
extending main body that has at least an inner surface, an outer surface, and one or 
more openings extending therebetween. Each upper support retainer has at least 
two side surfaces, a top surface coupled between the side surfaces, a bottom 
surface coupled between the side surfaces, and an opening extending between the 
top and bottom surfaces. Each retainer side surface is configured to engage the 
upper support inner surface. Each fastener is adapted to extend through the 
opening in the upper support retainer, through one of the openings in the upper 
support, and through one of the openings in the lower support wedge. 
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[0013] Other independent features and advantages of the preferred coil 
support system will become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings which illustrate, by way of 
example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a functional schematic block diagram of an exemplary high 
speed generator system; 

[0015] FIG. 2 is a perspective view of a physical embodiment of the generator 
system depicted in FIG. 1; 

[0016] FIG. 3 is a perspective view of an exemplary embodiment of a partially 
assembled rotor assembly that may be used in the generator depicted in FIG. 2; 

[0017] FIG. 4 is an exploded perspective view of the partially assembled 
rotor assembly depicted in FIG. 3; 

[0018] FIG. 5 is an exploded perspective view of a rotor core used in the rotor 
assembly depicted in FIGS. 3 and 4; and 

[0019] FIG. 6 is a cross section view of a fully assembled rotor assembly 
taken through one of the interlamination disks of the rotor assembly shown in 
FIGS. 3 and 4. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[0020] Before proceeding with the detailed description, it is to be appreciated 
that the present invention is not limited to use in conjunction with a specific type 
of electrical machine. Thus, although the present embodiment is, for convenience 
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of explanation, depicted and described as being implemented in a brushless AC 
(alternating current) generator, it will be appreciated that it can be implemented in 
other AC generator designs needed in specific applications. 

[0021] Turning now to the description, and with reference first to FIG. 1, a 
functional schematic block diagram of an exemplary high speed generator system 
1 00 for use with a gas turbine engine such as that in an aircraft is depicted. This 
exemplary generator system 100, which is commonly known as a brushless AC 
generator, includes a permanent magnet generator (PMG) 1 10, an exciter 120, a 
main generator 130, a generator control unit 140, and one or more rectifier 
assemblies 150. During operation, a rotor 1 12 of the PMG 1 10, a rotor 124 of the 
exciter 120, and a rotor 132 of the main generator 130 all rotate. The rotational 
speed of these components may vary. In one embodiment, the rotational speed 
may be, for example, in the range of about 12,000 to about 24,000 r.p.m., or 
greater. As the PMG rotor 112 rotates, the PMG 110 generates and supplies AC 
power to the generator control unit 140, which in turn supplies direct current (DC) 
power to a stator 122 of the exciter 120. The exciter rotor 124 in turn supplies AC 
power to the rectifier assemblies 150. The output from the rectifier assemblies 
150 is DC power and is supplied to the main generator rotor 132, which in turn 
outputs AC power from a main generator stator 134. 

[0022] The generator system 100 is capable of providing output power at a 
variety of frequencies and over a variety of frequency ranges. Further, typically 
the output power from the main generator stator 134 is three-phase AC power. 
The generator control unit 140 can regulate the power output based upon 
monitoring signals provided to it from monitoring devices 195. In the depicted 
embodiment, the PMG rotor 1 12, the exciter rotor 124, and the main generator 
rotor 132 all rotate along a single axis 198 at the same rotational speed. It will be 
appreciated, however, that in other embodiments the PMG rotor 112 may rotate 
along a different axis. Moreover, the relative positioning of the PMG 110, the 
exciter 120, and the main generator 130 can be modified in different embodiments 
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such that the exciter 120 is physically between the PMG 110 and the main 
generator 130. A perspective view of a physical embodiment of at least those 
portions of the generator system 100 that are mounted within a generator housing 
200 is provided in FIG. 2. 

[0023 J Turning now to FIGS. 3-5, perspective and exploded views of an 
exemplary embodiment of the main generator rotor 132 that may be used in the 
generator system illustrated in FIGS. 1 and 2 is shown in a partially assembled 
configuration. As shown, the main generator rotor 132 includes a shaft assembly 
302, a plurality of poles 304a-d, and a plurality of coils 306a-d (only two shown). 
The shaft assembly 302 extends axially through the main generator rotor 132 
along an axis 301, and includes a first end 324 and a second end 326. The first 
end 324 is adapted to be coupled to a non-illustrated prime mover, which could be 
the aforementioned gas turbine engine, and thus may be referred to as the "drive 
end," while the second end 326 may be referred to as the "anti-drive end." The 
shaft assembly 302 is substantially hollow along most of its length, and includes 
an opening (not illustrated) in one end and is preferably closed at the other end. In 
the depicted embodiment, the anti-drive end 326 is open and the drive end 324 is 
closed. A cooling fluid, such as oil, is supplied to the generator and is directed 
into the opening in the anti-drive end 326 of the shaft assembly 302. As will be 
described in more detail further below, the shaft assembly 302 includes a plurality 
of orifices that port the oil supplied to the shaft assembly 302 to the coils 306a-d, 
so that cooling flow may circulate past the coils 306a-d and remove heat. 

[0024] The poles 304a-d extend radially away from the shaft assembly 302 
and are generally spaced evenly apart from one another, forming an interpole 
region 305a-d between adjacent poles 304a-d. In addition, a plurality of weights 
(not shown) may be embedded within each of the poles 304a-d to provide proper 
balancing of the main generator rotor 132. As shown most clearly in FIG. 5, the 
poles 304a-d are formed of a plurality of laminations 502, and interlamination 
disks 504, both of which are shrunk fit onto the shaft assembly 302. The 
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laminations 502, as is generally known, are continuous stacks of a magnetically 
permeable material. The particular material may be any one of numerous 
magnetically permeable materials. In a particular preferred embodiment, the 
laminations 502 are formed of a magnetic alloy material such as, for example, 
vanadium permendur. The interlamination disks 504, which are manufactured to 
have the same outer surface contour as the laminations 502, are formed of a high- 
strength material such as, for example, steel or other high-strength alloy. It will 
be appreciated that these materials are only exemplary, and that other suitable 
materials can be used for both the laminations and the interlamination disks 504. 
It will additionally be appreciated that the number of interlamination disks 504 
may vary, and that three interlamination disks 504, as is shown in FIGS. 3-5, is 
merely exemplary of a particular embodiment. Moreover, although the main 
generator rotor 132 depicted in FIGS. 3-5 is a four-pole rotor, it will be 
appreciated that the present invention may be used with rotors having other 
numbers of poles. 

[0025] The coils 306a-d are wrapped, one each, around a respective pole 
304a-d, and are preferably formed by wrapping numerous individual wire 
windings around the respective poles 304a-d. For clarity, two of the coils 304a 
and 304b, which are representative of each of the coils 304a-d, are depicted in 
FIG. 4. As illustrated in this figure, each coil 304 includes an outer surface 402 
around the outer perimeter of the coil that is formed from the outermost layer of 
wire windings of the coil 304a. The outer surface 402 includes two sides 404a,b 
and two end turns 406a,b. The outer surface sides 404a,b are made up of wire 
segments that are wrapped across the sides of the pole 304a and that 
predominantly follow directions parallel to the axis 301 . In contrast, the end turns 
406a,b are made up of wire segments that loop around the ends of the pole 304a 
and that follow paths that are predominantly within planes that are perpendicular 
to the axis 301. The coil 306a also includes an inward-facing edge 408, which 
faces the shaft 302, and an outward-facing edge 410, which faces away from the 
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shaft 302. It is noted that the coils 304a-d may be formed of any one of numerous 
conductors, but in a preferred embodiment are formed from copper. 

[0026] As was noted above, many high speed generators include coil support 
assemblies. Thus, as is also shown in FIGS. 3 and 4, coil support assemblies 
308a-d (only one shown) are positioned within each of the interpole regions 305a- 
d, and provide lateral and radial support for the coils 306a-d. Each coil support 
assembly 308 includes a lower support wedge 412, an upper support 414, and an 
upper support retainer 416. The lower support wedges 412 each include a main 
body 418 that is substantially trapezoidal in shape, and that includes top and 
bottom surfaces 420 and 422, respectively, and first and second opposed side 
surfaces 424 and 426, respectively. The lower support wedges 412 are each 
disposed in one of the interpole regions 305a-d, such that the side surfaces 424, 
426 contact the inward-facing edges 408 of the coils 306a-d. The main body 418 
additionally includes one or more openings 428 that extend between the top and 
bottom surfaces 420, 422. 

[0027] The upper supports 414 each include a longitudinally extending main 
body 430, which has an inner surface 432 and an outer surface 434, As with the 
lower support wedges 412, the upper supports 414 are each disposed in the 
interpole regions 305a-d; however, the upper supports 414 are configured such 
that the upper support outer surfaces 434 contact the outer surface sides 404a,b of 
the coils 306a-d. The upper supports 414 are held in place by the upper support 
retainers 416, which include first and second side surfaces 436 and 438, 
respectively, a top surface 440 that is coupled between the side surfaces 436, 438, 
and a bottom surface 442 that is also coupled between the side surfaces 436, 438. 
As with the lower support wedges 412, the upper supports 414 and upper support 
retainers 416 each include one or more openings 444 and 446, respectively. 

[0028] Together, the lower support wedges 412, the upper supports 414, and 
the upper support retainers 416 improve the strength and reliability of the coils 
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306a-d, to increase the life of the coil insulation system, and to minimize any rotor 
imbalance that may occur from movement of the coils 306a-d. To do so, the 
lower support wedges 412, upper supports 414, and upper support retainers 416 
are secured in a maimer that substantially prevents movement of the coil support 
assemblies 308a-d at relatively high rotor rotational speeds, without adversely 
affecting the electromagnetic performance of the generator system 100. The 
manner in which the coil support assemblies 308a-d are secured will now be 
described. 

[0029] Returning once again to FIG. 5, it is seen that a plurality of holes 506 
are formed in each of the interlamination disks 504. The number of holes 506 in 
each interlamination disk 504 may vary, but preferably each interlamination disk 
504 includes at least one hole per coil support assembly 308a-d. Thus, in the 
depicted embodiment, each interlamination disk 504 includes at least four holes 
506. The holes 506 in each interlamination disk 504 and the holes 428, 444, 446 
formed through each of the coil support assemblies 308a-d are collocated. In 
addition, each of the interlamination disk holes 506 is preferably tapped, or 
otherwise threaded, so as to receive a threaded fastener. In a particular preferred 
embodiment, a threaded fastener 418 (see FIG. 4) is inserted through each of the 
coil support assemblies 308a-d, and is threaded into each interlamination disk hole 
506. Thus, the coil support assemblies 308a-d are held securely in place, and 
movement of any part of the coil support assemblies 308a-d is substantially 
prohibited, even at relatively high rotor rotational speeds. 

[0030] As was previously mentioned, cooling oil is directed into the opening 
in the shaft assembly anti-drive end 326. With reference now to FIG. 6, which is 
a cross section view of a fully assembled main generator rotor 132 through one of 
the interlamination disks 504, it is seen that the cooling oil supplied to the shaft 
302 is directed out a plurality of orifices 602. The orifices 602 are preferably 
collocated with one or more of the interlamination disks 504. An annular region 
604 is formed between the shaft assembly 302 and the interlamination disk 504, 
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and is in fluid communication with the collocated orifices 602. In addition, one or 
more flow passages 606 are formed in one or more of the interlamination disks 
504. These flow passages 606 each include an inlet port 608 in fluid 
communication with the annular region 604, and an outlet port 610 in fluid 
communication with at least one of the interpole regions 305a-d. In one 
embodiment, the fluid outlet port 610 is configured to port fluid directly onto the 
coils 306a-d. In an alternative embodiment, which is shown in phantom in FIG. 6, 
the fluid outlet port 610 is configured to port fluid onto the lower support wedge 
412. 

[0031] The coil support assemblies described herein provide support for, and 
improve the strength and reliability of, the generator coils. The support 
assemblies additionally increase the life of the coil insulation system, and 
minimize any rotor imbalance that may occur from movement of the coils, and do 
so without causing rotor winding insulation chafing, and/or rotor imbalance, 
and/or increased windage losses, and/or lamination pole tip damage. 

[0032] While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may 
be made to adapt to a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment disclosed 
as the best mode contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the scope of the appended 
claims. 



